INTRODUCTION
============

Atherosclerosis is one of the leading causes of death in the developed countries. It is a slow but progressive disease, which may begin in childhood with the development of fatty streaks. The incidence of atherosclerosis and cardiovascular disease in women is lower compared to men of similar age ([@b1-mjm11_2p145]). However, the incidence of atherosclerosis in women increases after menopause due to a decrease in estrogen, a hormone thought to have cardioprotective effects during the pre-menopausal period ([@b2-mjm11_2p145]). Estrogen therapy was shown to reduce low-density lipoprotein (LDL) levels and increase high-density lipoprotein (HDL) levels in postmenopausal women ([@b3-mjm11_2p145]). Estrogen also has antioxidant properties ([@b4-mjm11_2p145], [@b5-mjm11_2p145]) which is protective against lipid peroxidation. Atherosclerotic lesions in humans and animals appear to be related to elevated plasma total cholesterol (TC), LDL and decreased HDL. The exact mechanisms explaining how hypercholesterolemia can cause atherosclerosis are still unclear. Lipid deposition on the arterial wall likely starts with the movement of LDL from the blood into the vessel wall. LDL is oxidized becoming particularly atherogenic ([@b6-mjm11_2p145]). Oxidized LDL (oLDL) may directly alter both the structure and the function of the endothelial cells. Consequently, oLDL also may chemotactically attract monocytes and macrophages to the endothelium which then develop into the lipid laden foam cells of an atheromatous plaque ([@b7-mjm11_2p145]). oLDL is also more avidly taken up by macrophages via their scavenger receptors than unoxidized LDL ([@b8-mjm11_2p145]).

Homocysteine is known as an independent risk factor of atherosclerosis ([@b9-mjm11_2p145]). Homocysteine promotes atherosclerosis by a variety of mechanisms ([@b10-mjm11_2p145]). In addition to directly damaging blood vessels, altered metabolism of homocysteine is also involved in the oxidative process occuring in atherogenesis ([@b11-mjm11_2p145]).

Much of the fat consumed in our diet has been exposed to heat during processing and in the preparation of food during cooking. In deep-frying, oil is heated above 150°C for a long period of time. This heating process causes changes in the properties of the oil by chemical reactions of oxidation, hydrolysis and polymerization. When frying oil is heated, hydroperoxides and aldehydes are mainly formed ([@b12-mjm11_2p145]) and are absorbed into the fried foods. Thus, these products enter systemic circulation. Malondialdehyde (MDA) is usually measured as a marker for lipid peroxidation level. Thibarbituric acid (TBA) assay is the most common method to be used to measure MDA. However, it is more appropriate to express the results as thiobarbituric acid reactive substances (TBARS) rather than MDA because other products may also form during the assay ([@b13-mjm11_2p145]).

The common practice of repeatedly using the oil for frying may generate free radicals that are harmful to our health. Such practice appears to cut the cost of cooking without considering its effects on health. Several studies had demonstrated the adverse effects of oxidized dietary fats on human and experimental animals. Owu DU et al ([@b14-mjm11_2p145]) and Izaki Y et al ([@b15-mjm11_2p145]) reported that consumption of oxidized oil caused liver dysfunction. Acceleration of fatty streak formation had been reported in rabbits fed oxidized lipid ([@b16-mjm11_2p145]). Rats fed thermally oxidized oil showed an increase in plasma glucose as well as a decrease in plasma vitamin E and vitamin A in the liver ([@b17-mjm11_2p145]).

In view of the potential hazardous effect of heated oils on health, this study was planned to determine the effects of thermally oxidized palm oil taken together with 2% cholesterol diet on the factors related to atherosclerosis in female rats made estrogen-deficient by ovariectomy. This gives us information on the effects of reheated palm oil on post-menopausal women in particular, and the population in general.

MATERIALS AND METHODS
=====================

Experimental animals
--------------------

Twenty-four healthy and mature female Sprague-Dawley rats (200--250g) were obtained from the Animal Unit, Universiti Kebangsaan Malaysia. The rats were housed in cages at room temperature and a 12-hour light cycle. They had access to tap water ad libitum and were administered 150g of test diet/week. All procedures were reviewed and approved by the Universiti Kebangsaan Malaysia Animal Ethic Committee (UKM AEC: FAR/2003/Kamsiah/25Jan/090).

Source and preparation of diets
-------------------------------

Palm oil (Lam Soon Edible Oil, Malaysia) used was fresh, once-heated or five-times-heated as described by Owu et al ([@b14-mjm11_2p145]). Briefly, 2.5L of palm oil was used to fry 1kg (approximately 25 pieces) of 'keropok lekor' (fish-flavoured chips) in a metal wok at 180°C for 10 minutes. To prepare five-times-heated oil, the whole frying process was repeated four more times with a fresh batch of 'keropok lekor' and five hours cooling interval. No fresh oil was added between batches to replace oil absorbed by the frying material.

The test diets were formulated by mixing 15% (w/w) of palm oil with ground 2% cholesterol diet (MP Biomedicals Inc, Australia). The pellets were reformed and dried in an oven at 80°C overnight.

Study design
------------

The rats (n=24) were allowed to acclimatize for 1 week prior to treatment and were ovariectomized ahead of the study. They were randomly divided equally into four groups; with six rats per group. Group I was fed with 2% cholesterol diet (control), group II, III and IV were fed with 2% cholesterol diet fortified with fresh palm oil (FPO), once-heated palm oil (1HPO) and five-times-heated palm oil (5HPO), respectively for four months. The mean body weight and food intake were taken weekly during the study period. The fasting (18 hours) serum for lipid profile, thiobarbituric acid reactive substances (TBARS) and homocysteine analyses was taken prior to ovariectomy and at the end of four months of study. Serum was stored at −70°C for further analyses.

Serum thiobarbituric acid reactive substances (TBARS)
-----------------------------------------------------

TBARS level in the serum was determined using a method described by Ledwozyw A et al ([@b18-mjm11_2p145]) with some modifications. A value of 0.5ml serum was acidified with 2.5ml of 1.22M trichloroacetic acid (TCA)/0.6M hydrochloric acid (HCl) and left to stand at room temperature for 15 minutes. Next, 1.5ml of 0.67% thiobarbituric acid (TBA)/0.05M sodium hydroxide (NaOH) was added. The samples were incubated in a 100°C water bath for 30 minutes. They were left to cool at room temperature before the addition of 4ml of n-buthanol. After thorough mixing, the mixture was centrifuged for 10 minutes at 3000rpm. The absorbency of the upper phase was read at Ex: 515 Em: 553 by using spectroflurometer (Shimadzu RF500, Japan).

The protein content in the serum was determined using a method described by Lowry et al ([@b19-mjm11_2p145]) with some modifications. A value of 0.5ml serum was added with 5ml mixture of 2% sodium carbonate (Na2CO3), 2% sodium or potassium tartrate (Na/K tartrate) and 1% copper sulphate solution (CuSO4.5H2O) with ratio 100:1:1. Subsequently, they were left to stand at room temperature for 15 minutes before the addition of 0.5ml of diluted Folin-Ciocalteau phenol reagent. After 35 minutes, the absorbency of the sample was measured at 700nm with spectrophotometer (Shimadzu UV-160A, Japan). The serum TBARS was expressed as serum TBARS/protein.

Serum lipid profile
-------------------

Serum lipid profile was determined enzymatically using commercially available kits from Randox Laboratories Ltd. (United Kingdom). These tests were performed using Vitalab Selectra E (Netherlands) following the manufacturer's instructions

Serum homocysteine
------------------

Serum homocysteine was determined by Fluorescence Polarization Immunoassay (FPIA) using commercially available kits from Abbott Laboratories (USA). The test was performed using Cobas Integra (Roche Professional Diagnostics, Switzerland) following manufacturer's instructions.

Statistics
----------

The data was presented as the mean ± standard error of mean (SEM). Normally distributed data were analyzed using parametric tests, i.e. Student's paired t-test and analysis of variance (ANOVA) followed by Tukey hsd post-hoc test. Data which were not normally distributed were analyzed using non-parametric tests, i.e. Kruskal-Wallis, Mann-Whitney U and Wilcoxon-Signed Rank tests. A value of p \< 0.05 was considered significant. All analysis was conducted using Statistical Product and Service Solutions (SPSS) software (Chicago, IL, USA).

RESULTS
=======

Twenty-four ovariectomized rats were divided equally into four groups; control, fresh palm oil (FPO), once-heated palm oil (1HPO) and five-times-heated palm oil (5HPO). The initial weight of the rats were taken and shown in [Table 1](#t1-mjm11_2p145){ref-type="table"}. Subsequently, all the rats were given 2% cholesterol diet. The cholesterol diet for FPO, 1HPO and 5HPO were fortified with fresh, once-heated or five-times-heated palm oil, respectively. After four months of treatment, their average food intake was calculated. There was no significance difference in food intake among the oil-fed groups. However, the treatment groups showed a lower food intake compared to the control. Their weight gain also was calculated by deducting the weight at the end of the study with their respective initial weight. There was a significant increase in body weight at the end of the study for all groups (p \< 0.05). The highest body weight increase was observed in 5HPO group.

Their fasting serum was taken prior to treatment and at the end of four months of study to analyse the thiobarbituric acid reactive substance (TBARS) level, lipid profile and homocysteine level. The results are expressed as percentage based on baseline values. All groups showed an increase in TBARS but the percentage increase was higher in 1HPO and 5HPO compared to control and FPO ([Figure 1](#f1-mjm11_2p145){ref-type="fig"}). There was no significance difference between 1HPO and 5HPO.

For lipid profile; total cholesterol (TC), low-density lipoprotein (LDL), triglyceride and high-density lipoprotein (HDL) were measured. Similar to TBARS, there was an increasing trend in serum TC in the treatment groups ([Figure 2](#f2-mjm11_2p145){ref-type="fig"}). The percentage increase was significantly higher in 5HPO compared to control. Both LDL and triglyceride showed no significant difference amongst the groups ([Figure 3](#f3-mjm11_2p145){ref-type="fig"} and [4](#f4-mjm11_2p145){ref-type="fig"}). On the other hand, there was reduction of HDL at the end of the study in all groups ([Figure 5](#f5-mjm11_2p145){ref-type="fig"}). However, there was no significant difference in the percentage of reduction among the groups even though there was a trend seen in the figure.

The homocysteine level increased at the end of the study ([Figure 6](#f6-mjm11_2p145){ref-type="fig"}). The percentage increase in 5HPO as well as control which received only 2% cholesterol diet throughout the study period were significant compared to FPO and 1HPO.

DISCUSSION
==========

This study was conducted in post-menopausal rat model to ascertain the effects of repeatedly heated palm oil on factors related to cardiovascular disease, particularly lipid peroxidation, lipid profile and homocysteine level in menopausal subject. We postulated that thermally oxidized palm oil which generates free radicals, enhances the oxidative stress secondary to estrogen deficiency and high cholesterol diet. These parameters have been attributed to atherosclerosis ([@b20-mjm11_2p145]). We used 2% cholesterol diet to intensify the oxidative stress to the post-menopausal rat model. Moreover, our previous study has shown that 2% cholesterol diet was atherogenic in rabbits ([@b21-mjm11_2p145]). Palm oil was chosen in this study because it is widely used in Malaysia as cooking oil. The oil is often used repeatedly for deep frying in many food outlets in order to lower costs.

The heating process which causes physical changes in the oil did not have any significant effects on the food intake. This was proven by similar food intake in all the treatment groups and was associated with similar increase in their body weight, except 5HPO which observed higher increase in body weight gain compared to other groups. The reason for this is not well understood.

This present study showed that once-heated and five-times-heated palm oil increased lipid peroxidation as indicated by a significant increase in serum TBARS in these groups compared to control and FPO. It thus appears that percentage of rise in serum TBARS was higher in 5HPO group compared to 1HPO. However, the difference was not significant. This may suggest that repeated heating might not affect free radical formation. This finding was contrary to our expectations, as we expected repeated heating to generate more free radicals, as reported by Nwanguma et al ([@b22-mjm11_2p145]). The percentage changes in TBARS in 5HPO group might attain a significant level if the period of study was prolonged. The effects of heated palm oil on serum TBARS in this study was not comparable to the finding of Benedetti et al who also reported that oxidized corn oil affect neither plasma nor liver MDA levels ([@b17-mjm11_2p145]). Izaki et al also found that serum and kidney TBARS level were unchanged in the rats fed with thermally oxidized rapeseed oil ([@b15-mjm11_2p145]). The reason for the discrepancies in the result might be due to the different types of oil: indeed, they had used unsaturated oil while we used palm oil which contains at least 50% saturated fats ([@b23-mjm11_2p145]). There is a possibility that estrogen deficiency in our study might contribute to the significant increase in serum TBARS level. In previous study by Hageman et al ([@b24-mjm11_2p145]), feeding rats with heated oils also did not cause an increase in hepatic and renal microsomal fractions TBARS. We assume that the incorporation of those oils at a level of only 10% in the diet, followed by shorter duration of the study might be the contributing factors to these findings.

There was an increasing trend in serum TC in all oil-fed groups. The percentage increase in TC was only significant in 5HPO group compared to control. The increase in serum TC in the study groups is probably secondary to 2% cholesterol diet intake. Feeding with repeatedly heated palm oil appears to accelerate the increase in serum TC in this group. The effect of heating on TC in this present study was not in agreement with Hur et al who reported that heated corn oil reduced plasma cholesterol in rabbits ([@b25-mjm11_2p145]). The type of animal, the oil used and the ovariectomy procedure might be the contributing factors.

In this study we found that there was a significant increase in serum homocysteine level in the control as well as 5HPO. There were no significant changes in serum homocysteine in FPO and 1HPO groups. The increase in serum homocysteine level in the control might be due to estrogen deficiency as a result of ovariectomy. Feeding with either fresh or once-heated palm oil appears to offer some protective effects. The protective effects against the rise in serum homocysteine by palm oil reduced while heating the oil, repeatedly. The loss in the protective effects of palm oil could be attributed to destruction of the heat labile vitamin such as tocotrienol ([@b26-mjm11_2p145]).

There was an increasing trend in serum LDL, TG and decreasing trend in HDL cholesterol in all the groups. However, the changes were not significant. The changes in LDL cholesterol in this study were not comparable to our earlier work in which we found that fresh and heated palm oil increase LDL level ([@b27-mjm11_2p145]). The duration of feeding which is shorter (4 months) in the present study and 2% cholesterol diet might responsible for the differences in the results.

The changes in serum TG level in this study are similar to those reported by Staprans et al who found that there was no difference in serum TG concentrations between control and oxidized-diet group ([@b16-mjm11_2p145]). On the other hand, it was contradictory to the findings of Rueda-Clausen et al who reported that consumption of deep-fried palm oil increased serum TG level in humans ([@b28-mjm11_2p145]). These contradictory results could be due to factors such as the oil preparation process, the subject's metabolic conditions and the duration of the study.

It was expected that high cholesterol diet increases HDL cholesterol. However, this was not observed in our study even though the animals were fed with 2% cholesterol diet throughout the study period. Instead, we found that there was a decreasing trend in HDL cholesterol in all the groups. The decreasing trend in HDL cholesterol might be due to estrogen deficiency. Repeatedly heated palm oil did not interfere with changes in HDL cholesterol.

A limitation of this study is the small sample used; further, larger studies are appropriate. Our previous study ([@b29-mjm11_2p145]) had used soy oil, which contains higher level of polyunsaturated fatty acids (PUFA) compared to palm oil ([@b23-mjm11_2p145]) showed some appealing results. Interestingly, the TBARS level of the group fed with repeatedly heated soy oil was higher compared to other treatment groups. This proves that palm oil which contains high amount of monounsaturated fatty acids (MUFA) is less susceptible to oxidation compared to soy oil ([@b30-mjm11_2p145], [@b31-mjm11_2p145]). In earlier studies, we had found that consumption of repeatedly heated palm and soy oils caused adverse effects on bone histomorphometry ovariectomy-induced rats ([@b32-mjm11_2p145]). Moreover, the study also showed that soy oil had further deteriorated the bone changes compared to palm oil. From these results, it was obvious that repeatedly heated oils, especially soy oil may contribute to the pathogenesis of atherosclerosis and osteoporosis in post-menopausal woman, particularly.

In conclusion, repeatedly heated palm oil appears to increase lipid peroxidation and cholesterol level in a post-menopausal rat model. Ovariectomy increases serum homocysteine level and feeding with either fresh or once-heated palm oil offers some protection which is lost when the oil was repeatedly heated. Further studies are acquired to ascertain whether the increase in these parameters has detrimental effects on blood vessels and is a potential danger for cardiovascular disease in menopausal subject.
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###### 

Food intake and body weight gain of rats fed respective diets after months.

  Group     Food intake (g/week)   Initial body weight (g)   Final body weight (g)   Body weight gain after 4 months (g)
  --------- ---------------------- ------------------------- ----------------------- -------------------------------------
  Control   109.83 ± 3.55^a^       211.17                    324.67                  113.50 ± 14.79^a^
  FPO       84.83 ± 0.70^b^        209.17                    333.50                  124.33 ± 22.62^a^
  1HPO      83.17 ± 1.01^b^        213.50                    334.33                  120.83 ± 23.38^a^
  5HPO      83.83 ± 2.80^b^        211.17                    339.17                  128.00 ± 26.21^b^

Results are mean ± S.E.M (n=6). Different superscript letters are significant based on dietary treatment (p\<0.05)
